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Abstract 
Liquid flow distribution in a square column was analyzed to evaluate the contact between liquid and gas 
phases in an absorption column, and to compare the results from a conventional cylindrical column. The square 
column was 12-inches wide by 12-inches deep by 40-inches tall.  It was constructed with glass walls so that the flow 
pattern could be observed.  The liquid distributor was designed with a pattern that would deliver the flow evenly in a 
set pattern over the packing with a drip per area ratio of 321/ft2 (2.23/inch2).   
Experiments were conducted using both random and structured packing.  A total packing volume of 3ft3
was used in each study.  One-inch Pall Rings were used for the random packing study.  For the structured packing 
tests, we designed and developed an innovative packing for the ITC pilot plant.  Three packing bricks were used in 
the column. The testing of the structured packing was done using two different packed brick orientations; one with 
all of the bricks in the same flow direction, the other with the middle brick rotated 90o from the orientation of the top 
and bottom bricks.
A monoethanolamine (MEA) solution concentration of 3.0 molar was used in the experiments.  The liquid 
distribution tests were done at one flow rates.  Since the viscosity of the MEA solution was affected by the carbon 
dioxide (CO2) solution loading, experiments were also conducted to evaluate the effects of CO2 loading on the liquid 
hold-up. 
Our goal is to develop a cost effective structure packing that performs at a level that is comparable to 
commercially available packing, but with lower manufacturing and installation cost. 
© 2008 Elsevier Ltd. All rights reserved 
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1. Introduction 
Carbon dioxide (CO2) and other greenhouse gases have caused the temperature of the atmosphere to 
increase over the last several decades.  New technologies are being developed to reduce the volume of the gases 
being released into the atmosphere.  Mature and proven technology such as chemical absorption using 
monoethanolamine (MEA) is currently being improved to make the capture of greenhouse gases more economically 
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feasible.  According to the International Energy Association “the conventional approach to capture CO2 from a 
PF+FGD, or CTCC plant is to scrub the flue gas using absorption technology.  Currently, MEA is the absorption 
technology of choice for capturing CO2 from power plant fuel.  It is a proven technology bearing no technical risk.  
Relative to other solvents, MEA has a strong affinity for CO2 which is important because of the low partial pressures 
of CO2 in flue gas.” (IEA Greenhouse Gas R&D Progamme)  
In this study, the liquid flow distribution of MEA through a square column was studied using  1” Pall Rings 
and structured packing that was designed to fit within the 12” x 12” x 40”.  The focus of the study was to observe 
how MEA solution at varying temperatures, molarity, and CO2 loading levels performed in a square column.  The 
experiments replicated the operating conditions of the Pilot Plant at the International Test Centre for CO2 Capture 
(ITC).  This was done in order to determine how the flow distribution within the column could assist in redesigning 
column internals (i.e. redistribution plates and location grid).  Thus, increasing the mass transfer and limiting 
channelling down the walls of the absorber column.  The structured packing used in the experiments was developed 
based on the evaluation of commercially available packing.   
This study contains the first analysis of the use of a square column to capture CO2 from a gas stream.  
Additional work will be done in order to analyze the capture efficiency of the packing using the overall volumetric 
mass transfer coefficient (KGae) in order to compare the packing to other commercially available packing. 
2. Experimental Setup and Procedure 
The experimental conditions used in this test were meant to duplicate the operating conditions of the ITC Pilot 
Plant.  These conditions are summarized in Table 1.    
The one meter tall column contains three cubic feet of structured or random packing.  The square packing bricks 
are designed to be one cubic foot.  The equipment used in the testing includes: (i) one 200.0-L high-density 
polyethylene (HDPE) tank, (ii) one hundred and forty-four 1.0-L graduated cylinders, (iii) 10.0-L graduated 
chamber and (iv) and electric immiscible heater.  The schematic diagram in Figure 2 shows the experimental setup.  
The HDPE tank was used as the feed and storage tank for the MEA solution.  The electric heater (Cole-Palmer, EW-
03047-10) was used to raise the temperature of the solution to the required temperature.  The electric heater 
temperature controller had a sensitivity of ±0.6°C in an agitated bath.  The graduated chamber was required to 
obtain the required flow rate. The physical properties of the solution varied as the temperature, CO2 loading and 
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molarity of solution parameters changed throughout the experiments.  The flow rate was controlled by adjusting the 
recycle flow control valve and the feed flow control valve. 
 Before every experimental run the MEA solution was analyzed.  The MEA concentration of the solution 
was determined by titration using 1.0 N HCl solution with methyl orange as the indicator.  The CO2 quantity in the 
solution was determined by the standard method in the Association of Official Analytical Chemists (AOAC).  An 
exact amount of solution was acidified by adding excess HCl to the solution.  The CO2 gas released was collected in 
a precision glass burette and was used to calculate the CO2 loading of the solution.  The solution was heated to the 
required temperature.  It was then mixed thoroughly by closing the feed flow control valve and fully opening the 
recycle flow control valve.  Once the solution reached a temperature steady state, the flow rate was calibrated using 
the graduated chamber.  To increase the CO2 concentration in the solution, CO2 gas was bubbled into the solution 
using a glass gas diffuser submerged in the HDPE tank. 
 Once the flow rate was calibrated using the graduated chamber, the chamber shut-off valve was closed and 
the column shut-off valve was opened allowing the column reservoir to be filled.  The reservoir needed to be 
partially filled so that there was a pressure head. This allowed the solution to enter the column with an equally 
distributed volume.  The drip-point density of the liquid distribution plate was 1550 points/m2.
Table 1-Testing Conditions 
Characteristic Value 
MEA Molarity (Kmol/L) 3.0 
Solvent Flow Rate (L/min) 4.0-7.0 
Lean CO2 concentration 
(mol/mol MEA) 0.20 
Rich CO2 concentration 
(mol/mol MEA) 0.50 
Solvent Temperature (oC) 22.0 – 42.0 
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3. Results 
 The results of the experiments lead to some interesting discoveries.  The random packing experiments 
resulted in the liquid flow distribution pattern showing similar peaks and valleys for all experimental runs. The grid 
was 12 x 12 having the layout as shown in Table 2.  The samples in location 1-5 and 1-6 collected the most solution 
while collections 9-8, 6-10, 6-6 and 8-1 consistently had 0.0 mL or very small volumes of liquid collected.  One 
unique occurrence was the repetitiveness of point 6-6 collecting 0.0 mL of fluid as it is in the middle of column.  
This occurred with pure water, 3.0M solution at 22oC and with 3.0M solution at 38oC. Figures 3 and 4 display the 
expected flow distribution profile for the dumped packing.  The volumes of solution collected along the walls of the 
column were typically 2.0 litres higher than the volumes collected in the inner region of the column.  As a result of 
the amount of channelling liquid redistribution, plates would be recommended to redirect the fluid flow back to the 
centre of the column. 
Figure 1 - Experimental Setup Figure 2 - Simplified Process Flow Diagram
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Table 2 - Grid Layout 
 The structured packing was installed with the centre brick rotated 90o from centre from the top and bottom brick.  
This packing arrangement allowed liquid to spread not only from side to side but also from back to forth within the column. 
(Aroonwilas, 2001).   The liquid distribution in the structured packing of the 3.0M solution led to smaller volumes of solution
being collected at the edges.  The more central columns and rows (6, 7, and 8) contained larger volumes of solution compared 
to those at the outer parameter.  Figures 5 through 8 provide a topographic view of the flow pattern.  Unlike the random 
packing, there was no point in the structured packing where 0.0 mL volume was collected  
12-1 12-2 12-3 12-4 12-5 12-6 12-7 12-8 12-9 12-10 12-11 12-12 
11-1 11-2 11-3 11-4 11-5 11-6 11-7 11-8 11-9 11-10 11-11 11-12 
10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 10-10 10-11 10-12 
9-1 9-2 9-3 9-4 9-5 9-6 9-7 9-8 9-9 9-10 9-11 9-12 
8-1 8-2 8-3 8-4 8-5 8-6 8-7 8-8 8-9 8-10 8-11 8-12 
7-1 7-2 7-3 7-4 7-5 7-6 7-7 7-8 7-9 7-10 7-11 7-12 
6-1 6-2 6-3 6-4 6-5 6-6 6-7 6-8 6-9 6-10 6-11 6-12 
5-1 5-2 5-3 5-4 5-5 5-6 5-7 5-8 5-9 5-10 5-11 5-12 
4-1 4-2 4-3 4-4 4-5 4-6 4-7 4-8 4-9 4-10 4-11 4-12 
3-1 3-2 3-3 3-4 3-5 3-6 3-7 3-8 3-9 3-10 3-11 3-12 
2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 
1-1 1-2 1-3 1-4 1-5 1-6 1-7 1-8 1-9 1-10 1-11 1-12 
Figure 3 - 1" Pall Rings Liquid Distribution Profile, 3.0M, 22oC, 0.395 
mol CO2/mol MEA, 7.0 litres/min
Figure 4 -1" Pall Rings Liquid Distribution Profile, 3.0M, 40oC, 0.475 mol 
CO2/mol MEA, 7.0 litres/min
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Figure 6 – Structured Packing Liquid Distribution Profile, 3.0M, 34oC,
0.225 mol CO2/mol MEA, 7.0 litres/min
Figure 5 – Structured Packing Liquid Distribution Profile, 3.0M, 22oC,
0.497 mol CO2/mol MEA, 7.0 litres/min
Figure 7 – Structured Packing Liquid Distribution Profile, 5.0M, 38oC,
0.211 mol CO2/mol MEA, 7.0 litres/min
Figure 8 – Structured Packing Liquid Distribution Profile, 5.0M, 42oC,
0.272 mol CO2/mol MEA, 4.0 litres/min
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4. Conclusions 
The following principal conclusions could be observed from this study. 
x The structured packing provided a more evenly distributed flow of solution throughout the column because there 
were less spikes and valleys shown in the profile.   
x  Channelling affects were apparent with both random and structured packing.  Liquid redistributers would be 
recommended to shift the solution back to the centre of the column. 
x The flow rate and viscosity of the solution have appeared to very little affect on the overall liquid distribution profile 
in both packing types. 
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